Background: Quality of life is decreased in patients with hallux valgus deformity, mainly because of pain. Significant improvement is usually achieved by surgery. However, postoperative pain can be moderate to severe for 2-3 days. The aim of the present study was to evaluate the use of transdermal fentanyl for postoperative pain management after forefoot surgery. Methods: Sixty patients undergoing hallux valgus or hallux rigidus surgery were allocated to receive a patch delivering either fentanyl 12 µg/hour or placebo for postoperative pain. The consumption of rescue opioid oxycodone, the primary outcome measure, was evaluated daily until the fourth postoperative day. Total consumption of oxycodone during the study period was also assessed. Pain scores and possible adverse effects were evaluated every 6 hours during the first 24 hours and on the fourth postoperative day. Results: The use of rescue opioid was low in both groups, the median (range) consumption of oxycodone being 10 (0-50) mg on the day of surgery (no difference between the groups, P=0.31) and 0 (0-35) mg thereafter. The total combined consumption was 10 (0-105) mg in the fentanyl group and 20 (0-70) mg in the placebo group (P=0.23). There were no statistically significant differences in pain scores or adverse effects between the groups. Conclusion: As a part of multimodal analgesia with ibuprofen and acetaminophen, a patch delivering fentanyl 12 µg/hour did not significantly decrease the consumption of rescue opioid or pain scores after forefoot surgery.
Introduction
Patients with hallux valgus deformity rate their quality of life as lower compared with the general population, mainly because of pain. 1 Surgery usually produces a significant improvement in this regard. 1 Most patients scheduled for forefoot surgery are suited for day case surgery, if pain and nausea, the two major complaints, 2 can be prevented and taken care of. Many patients with hallux valgus express moderate to severe pain 2-3 days postoperatively. [2] [3] [4] Further, according to the results of our pilot study, female patients in particular seem to be sensitive to the adverse effects of strong pain medication like opioids after forefoot surgery.
In order to decrease the need for opioids, multimodal analgesia is widely recommended. 5, 6 Multimodal analgesia is particularly important in the treatment of ambulatory patients, as opioids tend to increase the incidence of nausea. Furthermore, orthopedic procedures are among the most painful procedures according to studies evaluating postoperative pain in outpatients. 7 A transdermal fentanyl patch, used as an off-label treatment for postoperative pain, is supposed to deliver and maintain a stable plasma drug concentration, offering reliable background analgesia 8 for the 3 most painful days after hallux valgus surgery. It also offers an alternative route for opioid use in patients suffering from nausea or vomiting.
The purpose of this study was to evaluate the effectiveness of transdermal fentanyl compared with placebo, each administered together with oral nonsteroidal anti-inflammatory drugs (NSAIDs) and acetaminophen in the treatment of postoperative pain after hallux valgus or hallux rigidus surgery.
Materials and methods
This prospective, randomized, double-blind, placebocontrolled trial was carried out at Turku University Hospital between January 2009 and November 2010. Approval of the protocol was obtained from the ethics committee of the Hospital District of Southwest Finland and the National Agency for Medicine. The study is also registered at EudraCT and ClinicalTrials.gov. All patients signed and dated an informed consent before inclusion.
A total of 60 patients undergoing unilateral hallux valgus or hallux rigidus surgery were included. The patients, both inpatients and outpatients, were recruited from male or female patients aged 18-75 years with an American Society of Anesthesiologists physical status of I-III. Criteria for exclusion were: a previous history of intolerance to the study drug or related compounds and additives, a history of alcoholism, drug abuse, psychological or other emotional problems which might invalidate informed consent, sleep apnea and a body mass index $35 kg/m 2 . One hour before surgery, acetaminophen 1 g (Panadol Forte ® , GlaxoSmithKline, Brøndby, Denmark), was given to the patients as premedication. On the same occasion, according to randomization (using the sealed envelope technique), an opioid patch (Durogesic ® 12 µg/hour; Janssen Cilag Ltd, Sollentuna, Sweden) or a placebo patch (Durogesic placebo patch, Janssen-Cilag) was placed on each patient's skin on the upper thoracic wall. This was performed by a nurse not otherwise involved in the patient's care. Spinal anesthesia and surgery took place in a standard fashion similar to that in cases not involved in the study. Spinal anesthesia was induced with 1.5 mL (7.5 mg) of hyperbaric bupivacaine 5.0 mg/mL (Bicain Pond Spinal ® 5mg/mL, Orion, Espoo, Finland). No sedatives were used intraoperatively as a matter of routine, but if requested, propofol was administered in 10-20 mg boluses. Dexamethasone (Oradexon ® 5 mg/mL, N.V. Organon, BH Oss, the Netherlands) 5 mg was given intravenously as a prophylactic antiemetic at the beginning of anesthesia. In order to prevent pain, the patients received acetaminophen 1 g and ibuprofen 600 mg (Burana ® , Orion) orally in the recovery room, followed by acetaminophen 1 g and ibuprofen 600 mg three times daily for the first 4 days. In the event of severe pain, the patients received 10 mg of rapidrelease oxycodone (OxyNorm ® , Mundipharma, Vantaa, Finland) orally as rescue medication. Before discharge, the patients were given written instructions for removing the patch on the third postoperative day. When discharged, the patients received two 10 mg slow-release oxycodone tablets (OxyContin ® , Mundipharma) to be used as rescue medication.
In mild and moderate hallux valgus cases, distal Chevron osteotomy was used. A straight medial incision was routinely performed. The medial capsule was opened in a Y-shaped manner. The medial eminence was excised and a normal V-type Chevron osteotomy was made with 5-6 mm lateral displacement of the distal fragment. In all cases, the osteotomy was fixed with one or two 1.5 mm bioabsorbable pins. Immediate weight bearing was allowed with a special postoperative shoe. In cases of severe hallux valgus, a Lapidus procedure was used. Appropriate resection of joint surfaces in the first tarsometatarsal joint was made with an oscillating saw, and correct alignment of the first metatarsal was checked with fluoroscopy. One 4.0 mm cannulated screw and a medially placed plate with unlocked and locked screws were used to achieve a sufficiently strong fixation. Postoperatively, a shoe was used as above-mentioned, with crutches and only partial weight bearing continued for 6-8 weeks postoperatively. In cases of advanced hallux rigidus, first metatarsophalangeal arthrodesis was the method of choice. A dorsal incision was used and the capsule was opened just medial to the extensor hallucis longus tendon. Hallux reamers were used to achieve round surfaces. A routine method of fixation consisted of two crossed 3.0 mm cannulated screws. Immediate weight bearing with a postoperative shoe was allowed. In cases of mild or moderate hallux rigidus, cheilectomy of the first metatarsophalangeal joint was used. All osteophytes were resected through a dorsal incision. Additionally, 20%-30% of the dorsal joint surface of the first metatarsal was resected. A small corresponding resection was made in the proximal side of the phalanx, if necessary. Peroperatively, 70-80 degrees of passive dorsiflexion was achieved in the first metatarsophalangeal joint. After the operation, weight bearing was allowed immediately and patients were encouraged to move their big toe both passively and actively as soon as tolerated. 
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Pain management after forefoot surgery
The primary outcome measure in this study was the consumption of rescue medicine, oxycodone, and the secondary measure was pain on a numerical rating scale from 0 to 10 (0, no pain; 10, worst imaginable pain). The time points of evaluation were one hour preoperatively, immediately after surgery, at 6, 12, and 18 hours after placing the patch, and on the first and fourth postoperative days. The efficacy of pain medication in hospital was monitored by a nurse who was unaware of the patient's treatment group at 6-hourly intervals between the surgery and the return home. Possible adverse effects, such as somnolence, nausea, itching, and obstipation, as well as breathing frequency, were also monitored using a numerical rating scale. When at home, patients were asked to register their pain scores, their worst pain, analgesic consumption, and adverse effects, using a formulated questionnaire. The patients were interviewed by the investigator during telephone follow-up on the first and/ or fourth postoperative day.
The prospective power analysis showed that a sample size of 30 subjects per group would be required to show a 50% difference in rescue medication (oxycodone) use between the groups at an α-level of 0.05 and with a β-power of 0.90. The mean total oxycodone consumption of 19 mg and the standard deviation of 22 mg (on the day of surgery and the first postoperative day) were taken from our pilot study, in which the patients had a patch releasing fentanyl 12 µg/hour. We estimated that patients having a placebo patch would need twice as much oxycodone as those with a fentanyl patch, ie, 38 mg. Continuous variables were characterized in terms of the mean and standard deviation or median and range of values. In the case of categorical variables, frequencies and percentages were calculated. Differences between the treatment groups in normally distributed continuous variables (the worst pain score) were tested with the independent samples t-test. In the case of non-normally distributed variables (age, weight, height, and duration of surgery) the Mann-Whitney U test was used. Categorical variables (gender and procedures) were analyzed using the chi-square test or Fisher's Exact test. Pain and respiratory rates were analyzed using repeated measures analysis of variance. The unstructured covariance matrix was applied. Residuals were checked for justification of the analysis, and in order to use a method that requires normally distributed residuals, square transformation was used for pain. The differences between treatment groups in the medicine being used (oxycodone) were analyzed separately at different measurement points. If there were more than three different doses of medicine being used, analyses were performed using the Mann-Whitney U test, and in the case of three or fewer doses, Fisher's Exact test was used. P-values less than 0.05 were considered to be statistically significant. Statistical analyses were carried out using the SAS system for Windows, version 9.2 (SAS Institute Inc., Cary, NC, USA). Figure 1 shows a flow chart for the patients, and demographic data is presented in Table 1 . The need for rescue oxycodone was low in both groups; on the day of surgery, the median dose was 10 (range 0-50) mg in both groups (P=0.30) and 0 (0-35) mg thereafter. There was no statistically significant difference in oxycodone consumption between patients with a fentanyl patch and those with a placebo patch ( Table 2 ). The total median consumption of oxycodone during the study was 10 (0-105) mg in the fentanyl group and 20 (0-70) mg in the placebo group (P=0.23). On the day of surgery, 36% (n=10) of the patients in the fentanyl group and 25% (n=7) of those in the placebo group did not need any rescue analgesic at all (data were missing for two patients). On the first postoperative day, the proportions were 70% and 73%, respectively (n=19 in both groups).
Results
The interaction between group and time point in pain scores was not statistically significant (P=0.83), indicating that the groups did not differ at consecutive time points. Neither was there any statistically significant difference in pain scores (P=0.91; Figure 2 ). The median worst pain score during the study was 3.5 (range 0-7) on the numerical rating scale in the patients wearing a fentanyl patch and 5 (1-8) in those with a placebo patch. This difference was not statistically significant (P=0.059). The maximum scores for a single patient were 7 and 8, respectively. Many of the patients were still under the influence of spinal anesthesia when transferred to the recovery room, the median pain scores being 0 (0-4 in the placebo group and 0-5 in the fentanyl group) at that time. At 18 hours, data were available for only 12 patients in the fentanyl group and 15 in the placebo group because of the night shift.
Transdermal fentanyl did not reduce the respiratory rate. The interaction between group and time point in respiratory rate was not statistically significant (P=0.10), nor was the difference in respiratory rate (P=0.37; Figure 3A) . The incidence of adverse effects did not increase. The somnolence scores are shown in Figure 3B . When asked, ten patients with a fentanyl patch and eight patients with a placebo patch reported experiencing nausea. One patient in the placebo group reported nausea spontaneously immediately after the operation. Nausea was not significant in either group, except in two patients in the fentanyl group, one of whom discontinued the study because of severe nausea. Four patients in each group had constipation on the first postoperative day. Three days later, five patients in the fentanyl group and one in the placebo group also experienced obstipation. Itching was reported by very few patients, being at its worst on the first postoperative day. Three patients in each group reported itching, rating it as 1-2 points out of 10.
Discussion
Our study showed no statistically significant differences in oxycodone consumption or pain scores after forefoot surgery between patients with a fentanyl patch and those with a placebo patch. However, total consumption of oxycodone during the study was slightly higher in the placebo group. Generally the median pain scores were lower than expected in both groups, the highest being 12 hours after placing the patch, ie, 11 hours after the beginning of surgery.
Multimodal analgesia reduces pain, opioid use, and adverse effects. 5, 9 A combination of preoperative dexamethasone, local anesthetic, and an NSAID during the first 3-4 postoperative days has been found to be the most favorable alternative. 10 Acetaminophen is often included in a multimodal analgesia concept, but it has also been shown to be effective as monotherapy. NSAIDs are known to be effective in orthopedics, forefoot surgery included. 11, 12 Their use in orthopedics has been questioned because of possible impairment of bone healing, 13, 14 but the recent reviews are not congruent. 15, 16 The lack of definitive conclusions has 
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Merivirta et al resulted in the short-term use of NSAIDs/coxibs. 3, 17 In our study, patients were instructed to use ibuprofen for 4 days after surgery, and thereafter only if needed. Peripheral nerve blocks have recently gained widespread popularity, and the effects of ankle blocks and perisciatic infusions have been studied. 3, 18 However, by adding a single-shot ankle block to multimodal analgesia with regular etoricoxib together with additional acetaminophen and dextropropoxyphene, no significant reduction in pain or need for rescue analgesics was found during the first 24 hours postoperatively. 17 As a part of multimodal analgesia, preoperative dexamethasone, given orally or intravenously, has been found to reduce both opioid consumption 2 and the time to discharge. 19 It also reduces the incidence of nausea, 2 and is known to be an effective antiemetic.
Transdermal fentanyl is one option among the multimodal analgesics, although postoperative pain is not an official indication for its use. It may not be adequate alone, but can be considered efficient as background analgesia. 8, 20 The patients in our study had the worst pain at 12 hours postoperatively. The reason for this may be the residual effect of spinal anesthesia preventing pain at the time of the earlier measurements. Further, the effect of transdermal fentanyl proceeds slowly and has not reached maximum at 12 hours; in fact, a plateau of serum fentanyl concentrations was reached approximately 14 hours after placing the patch when a formulation delivering fentanyl 100 µg/hour was used. 21 In another study, the mean delay time for reaching minimum effective blood fentanyl concentrations was 12.7±9.6 hours. 22 Thus, the optimal time for placing the patch would be 12 hours before surgery. In the present study, because of the ambulatory nature of hallux valgus surgery, the patch could be placed only one hour before the procedure on the morning of the operation.
The effect of the fentanyl patch on postoperative pain was limited. The multimodal analgesia concept used in our patients, including the administration of NSAIDs and acetaminophen as well as dexamethasone, which has an analgesic effect, has a major effect in preventing postoperative pain. 2, 17 Moreover, the patch that we used, ie, delivering fentanyl 12 µg/hour, is weak. Together with the fact that the need for rescue opioid medication in both groups was very low, this may partly explain the lack of a statistically significant difference between the fentanyl and placebo groups with regard to rescue opioid consumption and pain scores. Furthermore, we considered the multimodal analgesia best for our patients, especially since most of the patients undergoing hallux surgery were women, who are known to be more sensitive to postoperative pain 23 and nausea. 24 As seen in our previous study, 25 many patients are very self-sufficient and disregard the instructions given by hospital staff. This concerns both the amount and type of analgesics. The same observation has been made by others. 26 In our study, five of 60 patients took analgesics outside the protocol, resulting in withdrawal from the study. The weakness of this study is that we were not prepared for these dropouts.
In conclusion, multimodal analgesia with regular ibuprofen and paracetamol together with a single dose of dexamethasone offered good background analgesia after surgery for hallux valgus and hallux rigidus. A patch delivering fentanyl 12 µg/hour did not reduce the need for rescue oxycodone or pain scores any further.
